INTRODUCTION
Several classes of therapy are now available for treating multiple myeloma (MM), including corticosteroids, alkylating agents, anthracyclines and more recently immunomodulatory drugs (IMiDs), proteasome inhibitors, monoclonal antibodies and deacetylase inhibitors. Although a variety of treatment regimens are available in the relapsed/refractory setting, there is no general agreement on the best sequence of salvage therapy. 1 The National Comprehensive Cancer Network Guidelines list over 10 preferred regimens that can be used as salvage therapy in MM, and state that patients may be retreated with the same regimen if relapse occurs 46 months after the initial treatment. 2 A number of factors should be taken into account when deciding on therapy at relapse, including patient age, pre-existing toxicity, renal function, aggressiveness of disease, type of prior therapies and response to prior therapies. 3 Almost all patients with MM will relapse, and patients typically experience lower rates and shorter duration of response (DOR) when receiving successive lines of therapy. 4 An International Myeloma Foundation study of MM patients with relapsed disease who received salvage therapy found a progressive decline in overall response rates, from 58% at first relapse to 45% at second relapse and 30% at third relapse. 5 Similarly, Kumar et al. 6 reported a progressive decline in DOR among relapsed MM (RMM) patients receiving subsequent lines of therapy, from a median of about 7 months for the second therapy line to a median of about 4 months for the fifth therapy line. In a study of the natural history of relapsed/refractory MM disease, the IMWG (International Myeloma Working Group) reported that after patients had become refractory to bortezomib and had also relapsed or become refractory to (or were ineligible to receive) an IMiD, they had a median event-free survival of 5 months and a median overall survival of only 9 months. 7 There remains a need to develop more effective treatment approaches for MM patients with relapsed/refractory disease.
Carfilzomib is a second-generation proteasome inhibitor that has demonstrated a high degree of clinical activity in patients with relapsed and/or refractory MM. Unlike bortezomib, which inhibits the proteasome reversibly, carfilzomib is an irreversible inhibitor of the proteasome. 8 In the phase 2 PX-171-003-A1 trial, patients with a median of five prior lines of therapy (including bortezomib and an IMiD) had an overall response rate of 23.7% to single agent carfilzomib. 9 In the phase 3 ASPIRE trial, carfilzomib, lenalidomide and dexamethasone were compared with lenalidomide and dexamethasone in RMM patients who had received 1-3 prior lines of therapy. The addition of carfilzomib to lenalidomide and dexamethasone led to significant improvements in the overall response rate (87.1 vs 66.7%; Po 0.001) and in progression-free survival (PFS) (26.3 vs 17.6 months; hazard ratio (HR), 0.69; 95% confidence interval (CI), 0.57-0.83; P = 0.0001). 10 Recently, results from the phase 3 ENDEAVOR trial were reported, which was a head-to-head comparison between carfilzomib and bortezomib (both in combination with low-dose dexamethasone) in a population of RMM patients who had received 1-3 prior lines of therapy. 11 In a preplanned interim analysis of ENDEAVOR, median PFS was significantly higher in the carfilzomib-dexamethasone (Kd) arm than in the bortezomib-dexamethasone (Vd) arm (18.7 vs 9.4 months; HR, 0.53; 95% CI, 0.44-0.65; P o0.0001). The overall response rate was also significantly higher for patients who received Kd vs Vd (77 vs 63%; P o0.0001). Whereas patients in ASPIRE received twice-weekly carfilzomib infusions of 27 mg/m 2 for 10 min, ENDEAVOR demonstrated that twice-weekly carfilzomib is safe and effective at a higher dose of 56 mg/m 2 when infused over the longer length of 30 min.
Because of the challenges associated with treating MM patients in the relapsed setting, we performed a subgroup analysis of the ENDEAVOR trial where patients were categorized based on number of prior treatment lines or by prior therapy. We compared Kd with Vd in a patient subgroup that received just 1 prior therapy line, and in a subgroup that received ⩾ 2 prior lines. We also compared Kd with Vd in subgroups that had prior exposure to bortezomib or lenalidomide.
MATERIALS AND METHODS
The ENDEAVOR trial has previously been described by Dimopoulos et al.
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Briefly, this was a randomized, phase 3, open-label study (NCT01568866). Patients enrolled in ENDEAVOR were at least 18 years of age, had an Eastern Cooperative Oncology Group performance status of 0-2 and had detectable MM that was relapsing or progressing at study entry. Patients needed to have received 1-3 prior lines of therapy, and to have achieved a partial response or better to at least 1 prior therapy line. Prior bortezomib or carfilzomib was allowed as long as a patient achieved a partial response or better to prior bortezomib or carfilzomib, did not discontinue prior bortezomib or carfilzomib due to toxicity, and had an interval of at least 6 months between stopping prior bortezomib or carfilzomib and starting study treatment. Within 21 days before randomization, patients were required to have adequate hepatic function (bilirubin o1.5 times and alanine aminotransferase o 3 times the upper limit of normal), absolute neutrophil count ⩾ 1000/mm 3 , hemoglobin ⩾ 8.0 g/dl, platelet count ⩾ 50 000/mm 3 (or ⩾ 30 000/mm 3 if bone marrow involvement is 450%) and creatinine clearance of ⩾ 15 ml/min. Patients also needed to have left ventricular ejection fraction ⩾ 40%, and patients were excluded if they had myocardial infarction within 4 months before randomization; active congestive heart failure (New York Heart Association Class III to IV); symptomatic ischemia; or conduction abnormalities uncontrolled by conventional intervention. Patients with significant neuropathy (grade 2 with pain, or grade 3-4) within 14 days before randomization were also excluded. Written consent was obtained from all patients, and the study protocol received institutional review board or ethics committee approval by all participating institutions.
Patients In this secondary analysis, patients enrolled in ENDEAVOR were assigned to a subgroup according to lines of prior therapy: 1 prior line or ⩾ 2 prior lines. The intent-to-treat population was used for efficacy analyses, and all patients who received at least one dose of study treatment were used for safety analyses. The IMWG Uniform Response Criteria were used to evaluate response and disease progression. 12 Overall response included a best response of partial response, very good partial response, complete response or stringent complete response. The Kaplan-Meier method was used to assess PFS and DOR. Disease responses were evaluated by an independent review committee that was blinded to treatment arm. PFS was compared between treatment groups using a log-rank test, and a Cox regression model was used to estimate the corresponding HR. The overall response rate (ORR) was compared between treatment groups using a Mantel-Haenszel test. No adjustments were made for multiple comparisons of the subgroup analysis, and the P-values reported here for the subgroup analysis are descriptive in nature.
RESULTS
The cutoff date for the preplanned interim analysis of ENDEAVOR was November 10, 2014. Nine hundred twenty-nine patients were enrolled in the intent-to-treat population; 464 and 465 patients were randomized to Kd and Vd, respectively. In the 1 prior line subgroup, 232 patients (50%) received Kd and 232 (50%) received Vd, and in the ⩾ 2 prior lines subgroup, 232 patients (50%) received Kd and 233 (50%) received Vd. In general, patient demographic and baseline characteristics were well balanced between treatment arms in both subgroups, including age, presence of high-risk cytogenetics, and prior exposure to lenalidomide or bortezomib (Table 1) .
PFS was longer for the Kd arm than the Vd arm in both prior line subgroups. In the 1 prior line subgroup the median PFS was 22.2 months for Kd and 10.1 months for Vd (HR, 0.45; 95% CI, 0.33-0.61; Po 0.0001) (Figure 1 ). In the ⩾ 2 prior lines subgroup the median PFS was 14.9 months for Kd and 8.4 months for Vd (HR, 0.60; 95% CI, 0.47-0.78; P o 0.0001) ( Figure 1 ). The ORR was also higher for Kd than Vd in both prior line subgroups. In the 1 prior line subgroup the ORR was 81.9% (95% CI, 76.3-86.6) for Kd and 65.5% (95% CI, 59.0-71.6) for Vd (P o 0.0001) ( Table 2 ). In the ⩾ 2 prior lines subgroup the ORR was 72.0% (95% CI, 65.7-77.7) for Kd and 59.7% (95% CI, 53.1-66.0) for Vd (P = 0.0026) ( Table 2) . A higher proportion of patients in the Kd arm than in the Vd arm also achieved complete response or better in both the 1 prior line subgroup and the ⩾ 2 prior lines subgroup ( Table 2 ). The median DOR (Kd vs Vd) was 21.3 vs 14.1 months in the 1 prior line subgroup and not estimable (NE) vs 10.3 months in the ⩾ 2 prior lines subgroup (Table 2) .
Exposure to study treatment was longer for the Kd arm than for the Vd arm in both the 1 prior line subgroup (mean duration of 41.6 vs 31.0 weeks) and the ⩾ 2 prior lines subgroup (mean duration of 38.0 vs 29.0 weeks). The cycle time for Kd was also longer than the cycle time for Vd (28 vs 21 days). In the 1 prior line subgroup, the rates of adverse events (Kd vs Vd) were 97.4 vs 98.7% for any grade adverse event, 69.8 vs 63.9% for grade ⩾ 3 adverse events and 44.0 vs 31.3% for serious adverse events (Table 3 ). Treatment discontinuations due to adverse events occurred in 17.2% of patients receiving Kd and 18.5% of patients receiving Vd, and deaths due to adverse events occurred in 4.3% of Kd patients and 3.1% of Vd patients (Table 3 ). In the ⩾ 2 prior lines subgroup, the rates of adverse events (Kd vs Vd) were 99.1 vs 97.4% for any grade adverse event, 76.6 vs 69.9% for grade ⩾ 3 adverse events and 52.8 vs 39.7% for serious adverse events (Table 3 ). Treatment discontinuations due to adverse events occurred in 22.5% of patients receiving Kd and 23.1% of patients receiving Vd, and deaths due to adverse events occurred in 6.5% of Kd patients and 6.1% of Vd patients (Table 3 ). Grade ⩾ 3 diarrhea and peripheral neuropathy occurred more frequently (by at least 5%) in the Vd arm than in the Kd arm in the ⩾ 2 prior lines subgroup (Table 3 ). Grade ⩾ 3 hypertension occurred more frequently (⩾5%) in the Kd arm than in the Vd arm in both the 1 prior line subgroup and the ⩾ 2 prior lines subgroup (Table 3) . Grade ⩾ 3 anemia, decreased lymphocyte count, dyspnea, cardiac failure and renal failure also occurred slightly more frequently (o 5%) in the Kd arm than in the Vd arm in both prior line subgroups (Table 3) . Even though the incidence of adverse events was generally higher in the ⩾ 2 prior lines subgroup for both treatment arms, the safety profile of Kd compared with Vd was consistent between the two groups.
Median PFS was higher for patients receiving Kd than for patients receiving Vd regardless of prior exposure to bortezomib or lenalidomide. In the subgroup of patients with prior bortezomib exposure, the median PFS (Kd vs Vd) was 15.6 vs 8.1 months (HR, 0.56; 95% CI, 0.44-0.73; P o 0.0001), and in the subgroup of patients without prior bortezomib exposure, the median PFS was NE vs 11.2 months (HR, 0.48; 95% CI, 0.35-0.66; P o 0.0001) ( Table 4 ; Figure 2 ). In the subgroup of patients with prior lenalidomide exposure, the median PFS (Kd vs Vd) was 12.9 vs 7.3 months (HR, 0.69; 95% CI, 0.52-0.92; P = 0.0052), and in the subgroup of patients without prior lenalidomide exposure, the median PFS was 22.2 vs 10.2 months (HR, 0.43; 95% CI, 0.32-0.56; P o 0.0001) (Table 4; Figure 3 ). The interaction between study treatment and prior lenalidomide exposure status had a two-sided P-value of 0.0257. The ORRs (Kd vs Vd) for the prior treatment subgroups were 71.2 vs 60.3% for patients with prior bortezomib exposure, 83.6 vs 65.3% for patients without prior bortezomib exposure, 70.1 vs 59.3% for patients with prior lenalidomide exposure and 81.2 vs 64.6% for patients without prior lenalidomide exposure (Table 4) . Similar trends in PFS and ORR were observed for Kd vs Vd when patients were stratified both by number of prior lines of therapy and by prior treatment with bortezomib or lenalidomide (Table 4 ; Supplementary Figures 1 and 2) .
In the Kd arm, patients without prior lenalidomide exposure had better median PFS than patients with prior lenalidomide exposure (22.2 vs 12.9 months; P o 0.0001) ( Table 4) . A consistent trend across lenalidomide exposure groups was observed in subgroups of Kd patients with 1 prior line of therapy (22.2 vs 15.6 months; P = 0.1147) and ⩾ 2 prior lines of therapy (NE vs 9.7 months; P = 0.0007) ( Table 4 ). To investigate this phenomenon, we categorized patients with prior lenalidomide exposure according to length of prior lenalidomide exposure or whether they were refractory to prior lenalidomide. Kd patients who were refractory to prior lenalidomide (n = 113) had a median PFS of 8.6 months, whereas Kd patients who were not refractory to prior lenalidomide (n = 64) had a median PFS that was NE (P o0.0001). Kd patients who had a median exposure to prior lenalidomide of o18 months (n = 124) had a median PFS of 10.8 months, and Kd patients who had a median exposure to prior lenalidomide of ⩾ 18 months (n = 53) had a median PFS of 15.6 months (P = 0.7836). The relationship between prior lenalidomide status and median PFS was not as pronounced for patients in the Vd arm (no prior lenalidomide, 10.2 months; prior lenalidomide, 7.3 months; P = 0.0506). However, similar to the results observed in the Kd arm, patients in the Vd arm who were refractory to prior lenalidomide had a shorter median PFS than those who were not refractory (n = 122, PFS = 6.6 months; n = 55, PFS = 11.2 months; P = 0.0076), and patients who had an exposure to prior lenalidomide of o 18 months had shorter PFS than patients whose median exposure to prior lenalidomide was ⩾ 18 months (n = 131, PFS = 6.7 months; n = 46, PFS = 10.2 months; P = 0.1039). MM patients in the relapsed and/or refractory setting represent a challenging-to-treat population, as benefit from drugs typically diminishes with subsequent lines of therapy in patients with MM. 4 The results from this study demonstrate a clinically meaningful improvement in PFS for patients treated with Kd compared with Vd, including for a subgroup of more heavily pretreated patients who had received multiple prior therapy lines, and establish the efficacy of a doublet regimen containing carfilzomib. These results should be interpreted in the context of the structural and functional differences between bortezomib and carfilzomib: bortezomib is a dipeptide boronic acid analog that is a reversible inhibitor of the proteasome, while carfilzomib is an epoxyketonebased irreversible proteasome inhibitor. 13, 14 In the safety analysis, we found that rates of treatment discontinuation due to adverse events and rates of death due to adverse events were similar (o 2% difference) between the Kd Kd (n = 250) Vd (n = 252) Kd (n = 214) Vd (n = 213) Kd (n = 177) Vd (n = 177) Kd (n = 287) Vd (n = 288) Abbreviations: CI, confidence interval; HR, hazard ratio; Kd, carfilzomib and dexamethasone; NE, not estimable; ORR, overall response rate; PFS, progressionfree survival; Vd, bortezomib and dexamethasone.
Prior lines and treatments analysis of ENDEAVOR P Moreau et al arm and the Vd arm in both the 1 prior line subgroup and the ⩾ 2 prior lines subgroup. Rates of grade ⩾ 3 hypertension were higher (⩾5% difference between treatment arms) in patients receiving Kd than in patients receiving Vd in both prior lines subgroups. Hypertension is a recognized but manageable complication of carfilzomib. Grade ⩾ 3 cardiac failure, renal failure, anemia and dyspnea also occurred more frequently in the Kd arm than in the Vd arm in both prior line subgroups, although the difference was not as pronounced (o5% between arms). Patients receiving Vd had higher rates of grade ⩾ 3 peripheral neuropathy than patients receiving Kd in the ⩾ 2 prior lines subgroup (difference ⩾ 5%), and also in the 1 prior line subgroup (o 5% between arms). These trends are generally similar to what was observed in the safety analysis of the primary ENDEAVOR population. Also, we observed here that the incidence of adverse events in the ⩾ 2 prior lines subgroup was generally higher than the incidence of adverse events in the 1 prior line subgroup for both treatment arms. The decision of which agent(s) to select for salvage therapy after a patient relapses or become refractory to an earlier regimen is an important clinical question. In a subgroup of patients with prior bortezomib exposure, we found that the PFS was improved (median 15.6 vs 8.1 months) and the ORR was higher (71.2 vs 60.3%) in patients treated with Kd compared with patients treated with Vd. Several prior studies have demonstrated that bortezomib retains clinical activity when used to retreat patients who had prior bortezomib exposure. For example, in a population of patients with progressive MM who had previously responded to bortezomib as a single agent or in combination with other drugs, Sood et al. 15 reported an ORR (complete plus partial response) of 50% and a median time to progression (from start of retreatment) of 6.6 months when retreating with bortezomib or bortezomib and dexamethasone. In a similar study, Petrucci et al. 16 reported an ORR (complete plus partial response) of 40% and a time to progression of 8.4 months among RMM patients who were retreated with bortezomib or bortezomib and dexamethasone. Although prior studies have demonstrated activity of bortezomib in patients with previous exposure, the results from the head-tohead study performed here suggest that patients with prior bortezomib exposure may obtain greater benefit from treatment with carfilzomib rather than retreatment with bortezomib.
We also observed in this subgroup analysis that the Kd doublet retained activity in patients with prior lenalidomide exposure. In the group of patients with prior lenalidomide exposure, the ORR for patients receiving Kd was 70.1% and the median PFS was Figure 2 . Kaplan-Meier PFS curves by prior bortezomib exposure (a) received prior bortezomib (b) no prior bortezomib.
Prior lines and treatments analysis of ENDEAVOR P Moreau et al 12.9 months. In contrast, in the Vd arm the ORR was 59.3% and the median PFS was 7.3 months. The Kd doublet could potentially be considered for patients who received prior lenalidomide, including for patients who progressed on lenalidomide maintenance, as well as for those who were intolerant to lenalidomide. Several studies have demonstrated a benefit for lenalidomide maintenance both in the post-transplant setting and in the transplant-ineligible setting. [17] [18] [19] [20] Additionally, the FIRST trial recently demonstrated that in patients with newly diagnosed MM who were ineligible for stem-cell transplantation, lenalidomide and dexamethasone until progression resulted in superior outcomes compared with the combination melphalan-prednisone-thalidomide. 21 As front-line lenalidomide and dexamethasone may be increasingly used to treat transplant-ineligible MM patients, Kd could be considered for second-line therapy in this setting.
Although PFS and ORR were higher for Kd than for Vd in patients with prior lenalidomide exposure, we note that PFS and ORR were higher in the Kd arm of the subgroup without prior lenalidomide than in the Kd arm of the subgroup with prior lenalidomide exposure. Although the reason for this is not immediately clear, it is possible that the subgroup with prior lenalidomide exposure was more heavily pretreated and had received a higher number of prior lines of therapy. However, when we further categorized patients with or without previous lenalidomide exposure by number of prior lines of therapy, similar trends were observed within the Kd arm of both the 1 prior lines subgroup and the ⩾ 2 prior lines subgroup. It is also possible that some patients with prior lenalidomide exposure had disease that was more aggressive and difficult to treat. When we categorized patients with prior lenalidomide exposure based on whether they were refractory to prior lenalidomide, we found that patients who were not refractory to prior lenalidomide had better outcomes on Kd than patients who were refractory to prior lenalidomide. Within the Kd arm, we also found that patients who had a longer exposure to prior lenalidomide had improved outcomes compared with patients who had shorter exposure. These findings suggest that patients who do not respond well to prior lenalidomide may not benefit as much from Kd as patients who respond well to prior lenalidomide (although in both cases, outcomes were better for Kd than for Vd). Therefore, a patient's experience with prior lenalidomide could be taken into account when deciding whether to use Kd as salvage therapy.
Carfilzomib is a second-generation proteasome inhibitor, which, unlike bortezomib, inhibits the proteasome irreversibly. In this Prior lines and treatments analysis of ENDEAVOR P Moreau et al exploratory analysis, we found evidence that Kd led to clinically meaningful improvements in PFS, ORR and DOR compared with Vd in several subgroups of patients from the ENDEAVOR trial. These findings are consistent with results from the primary analysis of ENDEAVOR and support use of the Kd doublet for RMM in a variety of clinical scenarios, including in patients with 1 prior line of therapy, patients with ⩾ 2 prior lines of therapy and patients with prior exposure to bortezomib or lenalidomide.
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